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Background: Literature suggests that early patterns of aggressive behaviour in both girls and boys are predictive of a variety of health risks in adulthood. However, longitudinal examination of the predictive links between childhood aggression, negative physical health outcomes in adulthood and overall use of health care has not been done. We looked at use of health care and a variety of physical health outcomes in adulthood to extend the current body of knowledge regarding the long-term negative sequelae of childhood aggression.
Methods:
Participants of the Concordia Longitudinal Risk Project were eligible for the current study if they had received medical care in the province of Quebec between 1992 and 2006, and if we were able to retrieve their medical and education records. Our primary outcome was use of the health care system, as determined using records from the Régie de l'assurance maladie du Québec and the Ministère de la santé et des services sociaux. Our controlled variables were socioeconomic status of the neighbourhood in which participants lived in 1986 and level of education. We used hierarchical multiple regression to explore the association between childhood behaviour and physical health in adulthood.
Results: During the 15-year period studied, childhood agression corresponded to an increase in medical visits (8.1% per 1 standard deviation increase in agression), and injuries (10.7%) or lifestyle-related illnesses (44.2%), visits to specialists (6.2%) and visits to emergency departments (12.4%). We saw a positive relation between social withdrawal during childhood and government-funded visits to dentists. Peer-rated likeability during childhood showed negative relations with use of health care (overall), medical visits due to injuries and government-funded visits to dentists.
Interpretation:
Childhood aggression is a health risk that should be considered when designing interventions to improve public health and diminish the costs of medical services, particularly when considering interventions targeting children and families.
addition to a new predictor -the level of poverty of the neighbourhood in which participants spent their late adolescences and young adulthoods. This new predictor is an indicator of both socioeconomic status and the environmental influences that participants may have been exposed to during the early, formative years of their development as an adult. We included additional indicators of service use to better understand the relationship between childhood behaviour and subsequent use of health and medical services.
We expected childhood aggression to increase the use of health services. Previous data from the Concordia Longitudinal Risk Project 9, 10 and other studies [11] [12] [13] show that childhood aggression in girls was predictive of poorer gynecologic health (particularly in late adolescence and early adulthood) and an increased number of early pregnancies. Although the focus of our study was on physical health and use of services associated with childhood aggression, the inclusion of childhood social withdrawal and childhood likeability are strengths of the Concordia Project. The longitudinal sequelae of these childhood behavioural and social characteristics are less well -documented and have rarely been studied longitudinally in the context of physical health. We expected childhood social withdrawal and likeability to lead to less overall use of health care and to be protective, specifically against injuries and obstetric and gynecologic conditions.
Methods
Study population
The methods of the Concordia Longitudinal Risk Project have been described in detail elsewhere. 8 Briefly, from 1976 to 1978, 4109 children in grades 1, 4 and 7 were screened for participation in the project. The goal of the project was to study the long-term sequelae of maladaptive behaviour in childhood. Participants lived in neighbourhoods with low socioeconomic status in Montréal, Quebec.
Children were asked to nominate up to four boys and four girls in their class who best matched each item on the Pupil Evaluation Inventory, 14 a peer-nomination instrument. The inventory consists of 34 items covering 3 factors: aggression, withdrawal and likeability. Scores on the inventory have been shown to be highly reliable. 14 All procedures were reviewed by the Concordia University institutional review board for conformity with ethical requirements for research. We used an encrypted identity-protecting coding procedure that was reviewed by the Commission d'accès à l'information du Québec before it permitted the release of Medicare records for research purposes. Analyses were performed on entirely denominalized data. It is worth noting that the ethic al guidelines regarding parental consent have changed in the 30 years since the Concordia Project's inception; the "opt-out" approach to parental consent would no longer be considered sufficient in Canada.
Sources of data
Permission to retrieve information on health care use and admissions to hospital was granted by the Commission d'accès à l'information du Québec. We obtained data on the health services used by our 3913 participants from the Régie de l'assurance maladie du Québec (the insurance plan covering all permanent residents of the province, which pays for all medical services) and the Ministère de la santé et des services sociaux.
The medical records detailed all contacts with the health care system between 1992 and 2006, including information on medical procedures performed, assessments and diagnoses. All data were connected to a sequential number that differed from our own identification number to preserve the confidentiality of the records.
We used information from the Canada Census, 1986, to calculate the level of poverty of the neighbourhoods in which participants lived in 1986.
We obtained the provincial education records of all participants from the Ministry of Education, Leisure and Sport to determine the highest level of education completed by each participant.
Outcome variables
We identified nine outcome variables: total number of medical visits (not including obstetric and gynecologic visits to allow for comparison between sexes), medical visits for injuries, medical visits for lifestyle-related illness (i.e., obesity, type 2 diabetes, ulcers, alcohol dependence, drug use); visits to medical specialists, visits to emergency departments, visits to dentists, admis-sions to hospital, medical visits for infections and gynecologic and obstetric visits (women only). A list of the medical codes included in each outcome can be seen in Appendix 2 (available at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .091830/-/DC1).
Control variables
We identified two control variables: socioeconomic status and level of education.
The socioeconomic status of the neighbourhoods in which our participants lived was measured in 1986, when the mean age of participants was about 19 years. Neighbourhoods were identified using the first three characters of the postal codes of participants' homes or schools. We determined the socioeconomic status of each neighbourhood using the proportion of people in the neighbourhood who had not completed high school, the proportion of single parents, the rate of unemployment and the proportion of families with annual incomes of less than $20 000.
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Box 1: Timing of data collection for this study
• Childhood, 1976-1978
Peer-nomination instrument used to measure aggression, social withdrawal, and likeability in childhood
• Adolescence and early adulthood, 1986
Poverty level of participants' neighbourhoods was obtained using the following data from the Census of Canada, 1986:
(i) the proportion of people in the neighbourhood who had not completed high school
(ii) the proportion of single parents in the neighbourhood (iii) the local rate of unemployment rate (iv) the proportion of families with an annual income of less than $20 000
• Adulthood, 2002-2003
The level of education achieved by each participant was obtained from provincial education records
• Adulthood, 2006
Medical records were obtained through the Régie de l'assurance maladie du Québec. The associations in Table 1 represent the change in visits, expressed as proportions of a standard deviation, in response to a change of one standard deviation in the variables of interest (listed in the first column). Table 2 represents the same assocations, but with change in actual number of visits in response to a standardized change in the variables in the first column.
Provincial education records showed the highest level of education obtained by each participant as follows: did not complete high school, completed high school, diploma from a junior college and degree from a university.
Box 1 shows the times at which our data were collected.
Statistical analysis
We used hierarchical multiple regression, because it allowed us to examine the contribution of a particular variable while controlling for the effects of other independent variables. With the exception of gynecologic and obstetric visits, data for men and women were analyzed together.
Results
No significant interactions between sex and other predictors were seen in preliminary analyses.
We analyzed the relation between behaviour during childhood (collected 1976-1978) and physical health during adulthood (from 1992-2006), as well as the increase or decrease in number of medical visits, in terms of both standard deviation from the mean and percent increase or decrease from the mean, for each independent variable. Childhood aggression was positively related to overall use of health services, number of medical visits due to injuries and lifestyle-related illnesses, number of visits to specialists, emergency departments and government-funded dentists, and total number of admissions to hospital (Tables 1 and 2) .
During the 15 years we included in our analyses, an increase of one standard deviation from the mean in childhood aggression corresponded to 7.2 more medical visits (an increase of 8.1% above the mean number of visits), 1.3 more visits due to injuries (10.7% increase), 1.0 more visit for lifestyle-related illnesses (44.2% increase), 2.7 more visits to specialists (6.2% increase), 4.8 more visits to emergency departments (12.4% increase), 1.0 more visit to dentists (23.5% increase) and 0.2 more admissions to hospital (10.9% increase) ( Table 2) . Conversely, childhood aggression was not related to number of medical visits due to infections.
We saw a positive relation between social withdrawal during childhood and number of dental visits (14.6% increase), but we saw negative relations between peer-rated likeability during childhood and overall use of medical services (3.6% decrease), number of medical visits due to injuries (9.0% decrease) and number of dental visits (11.2% decrease).
A main effect of sex was seen for overall use of medical services, number of medical visits to specialists, emergency departments and dentists, total number of admissions to hospital, and medical visits due to infections (Table 2 ). These findings suggest that women are more likely than men to seek medical attention. This effect was reversed for medical visits due to injuries, where men were more likely than women to seek medical attention (Table 2) . We saw no overall effect on use of gynecologic services when the period from 1992 to 2006 was considered (Table 3) . However, previous research from this project and others suggest increases in the use of gynecologic services and higher risk of gynecologic and obstetric problems among women who show aggressive behaviour, particularly among teens and young adults. 9 Therefore, we looked at the use of gynecologic services among women aged 18 to 23 years, and again when the same women were older (aged 29-34 yr). Childhood aggression was positively predictive of use of gynecologic services for the younger women, but the effect was no longer present when the same women were older (Table 3) . Among younger women, an increase of one standard deviation in aggression corresponded to 0.5 more obstetric and gynecologic visits over a five-year period (ages 18-21 yr), representing a 5.87% increase over the mean (data not shown). Childhood likeability had a negative predictive relationship to gynecological service usage in late adolescence and early adulthood, but no relationship among the same women later in life.
Level of education showed consistently negative relations with overall use of medical services (10.0% decrease), number of medical visits due to injuries (20.1% decrease), visits to emergency departments (8.0% decrease), number of dental visits (50.4% decrease) and total number of admissions to hospital (6.3% decrease) ( Table 2) .
Living in a poorer neighbourhood during early adulthood decreased overall use of medical services by 3.4%, but increased the number of visits to specialists (4.6% increase), emergency departments (7.5% increase) and dentists (16.7% increase), and total number of admissions to hospital (6.3% increase) ( Table 2 ). In addition, living in a poorer neighbourhood was negatively related to gynecologic visits among women in adolescence and early adulthood, but this effect was not seen among women as they grew older (Table 3) .
Level of education showed significant effects during both early and later adulthood among the women in our sample. Among younger women, level of education showed a robust negative predictive effect, suggesting that young women with higher levels of education sought gynecologic services less frequently than women with less education. An increase of one standard deviation in level of education corresponded to 2.0 fewer obstetric and gynecologic visits (25.8% decrease from the mean number of visits) (data not shown). However, among older women, this relationship was reversed; education was positively predictive of gynecologic visits, suggesting that women with higher levels of education saw their gynecologists more often than women with less education.
Interpretation
Childhood aggression directly and positively predicted overall use of health services in adulthood for the participants of this study, as well as the number of visits they made to specialists, emergency departments and dentists, the number of times they were admitted to hospital, and the number of medical visits they made due to lifestylerelated illnesses and injuries. These associations were seen even when controlling for the effects of sex, education and neighbourhood poverty.
Among young women, childhood aggression increased the use of gynecologic services. This result is consistent with previous research suggesting that agression is related to high-risk sexual behaviour early in life. 9, 10 Our results suggest that childhood aggression has lasting effects on physical health and can have an impact on the level of use of medical services over many years. Among the participants of our study, childhood aggression did not indiscriminately increase the number of visits to doctors, nor was it associated with an increase in Research CMAJ 5 infections. This finding suggests that childhood aggression puts people at risk for specific types of health problems during adulthood that cause them to use medical services more frequently. Our study begins to explore how the use of specific medical services are associated with distinct behaviours. Among our participants, childhood likeability negatively predicted overall use of medical services, number of medical visits due to injuries and number of government-funded dental visits. The direction of these effects is consistent with research suggesting that adults with larger social networks seem to have better health outcomes than those who are less socially connected. 16, 17 These data could also suggest that the children who were judged as more likeable by their peers were less likely to engage in risk-taking or impulsive behaviours that could lead to injuries, and more likely to take better care of their overall health. Good social relationships may also offer support and protect against the negative effects of stress, which could aid in the prevention of illness.
Childhood social withdrawal positively predicted the use of government-funded dental services. Though the mechanism underlying this relationship is ambiguous, it could be related to socioeconomic status. Alternatively, shyness and reluctance to seek regular dental care might result in a higher number of emergency dental procedures.
Level of education negatively predicted our participants' overall use of medical services, visits to emergency departments, admissions to hospital, government-funded dental visits and medical visits due to injuries. These results suggest that people with a higher level of education were less likely than those with less education to need or seek medical attention for these types of problems.
There are several possible explanations for the links seen between education and health. Leaving school prematurely may result in less education about health, which could lead to poor decision-making based on a lack of knowledge. In addition, the jobs available to people who have not finished high school often involve manual labour, which could carry an increased risk of injury. Furthermore, the stress of earning a low income associated with a lower level of education could lead to stress-related illnesses. Finally, deficits in executive functioning and impulse control may underlie both leaving school prematurely and poor adult health by exposing a person to a greater number of highrisk situations in which injury is possible and medical help is necessary.
The level of poverty of the neighbourhood in which participants lived and attended school during their late adolescence and early adulthood predicted the number of visits to specialists, emergency departments and dentists. This variable can be considered as a proxy for socioeconomic status; thus, these results are consistent with previous reports suggesting problems with primary health care among people with low in comes. For example, rates of admissions to hospital and visits to emergency departments have been shown to have a strong sociodemographic component; 18 this association has been seen in Canada, where health care is universally accessible. 19 Some of the variance in adult health and use of health services could be predicted from the childhood behaviour shown by the participants of this study. This finding is particularly important for primary prevention campaigns aimed at improving public health and decreasing the use of medical services and their associated costs to society. Even modest increases in the use of services in adulthood that can be predicted from childhood variables could amount to huge costs to society when multiplied over millions of people. Knowing how to target those children and adolescents most at risk for poor health later in life could help prevent certain negative health outcomes later in life, as well as potentially decrease health care costs for the Canadian public. Such a strategy requires further study.
Strengths and limitations
Longitudinal designs use a prospective approach rather than rely on retrospective data, which is subject to recall bias. Causal inferences can be drawn more credibly in prospective longitudinal studies because of the establishment of time sequencing in the prediction of outcomes. However, in most cases, conclusions remain speculative as a function of the method, which is correlational. The replication of results across studies, using different samples, is a necessary step in confirming the generality of longitudinal results. 20 The effect sizes we saw were modest. However, considering that the childhood variables were collected almost 30 years before the medical data were retrieved, our results offer some insight into the long-term outcomes of childhood aggression and suggest possible avenues for preventive intervention.
Conclusion
Our results confirm that there are specific behavioural characteristics, identifiable in childhood, that can have enduring consequences to physical health and can predict increased use of health services in adulthood. Childhood aggression should be considered a health risk when designing interventions to improve public health, particularly those targeting children and families. To help people at risk, we should address multiple sources of risk. As such, a developmental approach to the prevention and treatment of these problems should be taken. Whether risk factors for poor health in later life can be addressed most effectively in adolescence and early adulthood or whether they should be the focus of earlier preventive interventions in childhood is an issue that needs to be addressed both empirically and from a social policy perspective. Adopting a life-long approach to teaching children, teenagers and young adults appropriate self-care and age-appropriate ways of managing their stress and impulses may effectively prevent poor health outcomes later in life.
We measured our participants' use of medical services during their early to middle adulthoods. How their health may fare later in life, when lifestyle-related illnesses such as high blood pressure, high cholesterol and coronary artery disease develop remains to be seen. Future research involving this population will help elucidate the lifelong processes of aggression, stressful life circumstances, cognitive and coping strategies, physical health consequences and use of medical services.
Our results add to the literature that suggests the people at greatest risk of poor health in adulthood, as characterized by multiple negative predictors of long-term outcome, might be identified in early childhood. Addressing problematic childhood behaviour and teaching appropriate ways of interacting, self-care and coping strategies to vulnerable children will probably require early preventive intervention to mitigate longterm risks to health.
